I nfluenza A and B viruses are the two major types of influenza viruses that cause human epidemic disease. Influenza A viruses are further categorized into subtypes based on two surface antigens: hemagglutinin (H) and neuraminidase (N). Influenza B viruses are not categorized into subtypes (1) . Influenza A viruses are found in many animal species, including humans, ducks, chickens, pigs, whales, horses and seals, whereas influenza B viruses circulate only among humans. The H antigen contains common and strain-specific antigens, demonstrates antigenic variation, and acts as a site of attachment of the virus to host cells to initiate infection (1) . The N antigen contains subtype-specific antigens and also demonstrates antigenic variation between subtypes. It is a surface glycoprotein possessing enzymatic activity essential for viral replication in both influenza A and B viruses. The N antigen allows the release of newly produced virions from infected host cells, prevents the formation of viral aggregates after release from the host cells, and prevents viral inactivation by respiratory mucous (2, 3) . It is thought that this enzyme may also promote viral penetration into respiratory epithelial cells and may contribute to the pathogenicity of the virus by promoting production of proinflammatory cytokines such as interleukin-1 and tumour necrosis factor from macrophages (4-6).
There are 16 different H subtypes and nine different N subtypes identified to date among influenza A viruses. Influenza A virus affecting humans has, in the past, traditionally involved three subtypes based on one of three H antigens (H1, H2 and H3) and two additional subtypes based on one of two N antigens (N1 and N2). Influenza A viruses constantly change and adapt over time to infect and spread among humans. New influenza virus variants result from frequent antigenic change (ie, antigenic drift) resulting from point mutations that occur during viral replication. Influenza B viruses undergo this antigenic change less frequently than influenza A viruses. The term 'human influenza virus' usually refers to those subtypes that spread widely among humans.
Since 1977, influenza A virus subtypes H1N1 and H3N2, as well as influenza B viruses, have been in global circulation in the human population (1) . In 2001, H1N2 viruses that likely emerged after genetic reassortment between human H3N2 and H1N1 strains began circulating widely (7) . In addition, during the past decade, strains of influenza virus affecting humans, containing other H and N antigenic combinations, have been reported, including 'avian influenza' (8) . Avian influenza is an infection caused by avian influenza viruses. Wild birds worldwide carry the viruses in their intestines but usually do not develop any illness. Wild birds are the primary natural reservoir for all subtypes of influenza A viruses and are thought to be the source of influenza A viruses in other animals. Most influenza viruses cause asymptomatic infection in wild fowl, but domesticated poultry, such as turkeys and chickens, can develop significant illness and die from avian influenza. Domesticated birds may become infected with avian influenza through direct contact with infected waterfowl or other infected poultry (which shed the virus in their saliva, nasal secretions and feces), or through contact with surfaces (such as dirt or cages) or materials (such as water or feed) that have been contaminated with the virus (8) .
Avian influenza has been recognized for over a century. Although most virulent fowl influenza was caused by influenza A viruses containing the H7 antigen, H5 and other H-containing subtypes have been associated with highly virulent influenza virus infections in fowl (9) . Certain avian influenza A viruses, including some strains of H5 and H7 influenza viruses that cause widespread disease and death among fowl populations, would be considered highly pathogenic and may be associated with mortality rates of 90% to 100% in domestic fowl populations. Birds that survive influenza infection continue to shed virus via the fecal-oral route for at least 10 days, thus allowing further viral transmission by migratory birds or in crowded poultry markets where thousands of birds may be caged in close proximity.
The risk to humans from avian influenza has been considered low in the past, but confirmed cases of human infection from several subtypes of avian influenza infection have been reported since 1997. Most cases of avian influenza infection in humans have resulted from contact with infected poultry (eg, domesticated chicken, ducks and turkeys) or surfaces contaminated with secretions or excretions from infected birds. Avian influenza strains affecting humans were first reported from Hong Kong during the 1997 influenza season and were shown to be derived from avian sources (10) (11) (12) . This first avian influenza A virus (H5N1) affected 18 humans during the 1997/1998 influenza season and was associated with six deaths. A case-control study identified recent exposure to live poultry as an important risk factor for infection with this avian strain infection (13) , and cohort studies have suggested that humanto-human transmission of the H5N1 virus was limited (14, 15) . Although the mainstay of influenza prevention and control remains annual vaccination, the adjunctive use of antiviral drugs also plays a role, given the continued presence of new human influenza strains and the new threat posed by emerging avian influenza strains (7) . Two classes of antiviral medications are currently available and include the adamantanes (amantadine and rimantadine) and the N inhibitors (oseltamivir and zanamivir) (19, 20) . Amantadine and rimantadine have activity against only influenza A strains and are used for both treatment and chemoprophylaxis of influenza A. The N inhibitors are active against both influenza A and B viruses. A recent report from the Centers for Disease Control and Prevention (CDC) (21) describes significant resistance of influenza A viruses currently circulating in the United States (US) to amantadine and rimantadine, and recommends against the use of these drugs for the remainder of the 2005/2006 influenza season.
Resistance of influenza A viruses to amantadine and rimantadine can occur spontaneously or emerge rapidly during treatment (22) , usually via single point mutations in the codons for amino acids (23) . It is noteworthy that neither transmission nor virulence of amantadine-resistant influenza A viruses are impaired (24) . In the US, resistance to amantadine and rimantadine increased from 1. (24) . The results, similar to those from the US, represented a significant increase in resistance compared with previous years and were consistent with the level of antiviral resistance recently reported by the CDC. It is recommended that either oseltamivir or zanamivir be prescribed if an antiviral medication is indicated for the treatment of influenza, and that oseltamivir be prescribed for chemoprophylaxis of influenza.
Although the use of antivirals is recommended by some for the control of seasonal and pandemic influenza, a recently published systematic review by Jefferson et al (25) examined the evidence for the efficacy, effectiveness and safety of registered antivirals against influenza in healthy adults. Their findings cast doubt on the utility of both the adamantanes and the N inhibitors (25) . Those investigators searched various databases to the end of 2005, contacted manufacturers, corresponded with authors and identified 54 randomized, controlled trials comparing prophylactic (n=27) or treatment (n=27) efficacy against symptomatic or asymptomatic influenza, expressing prophylactic efficacy as a proportion (1-relative risk [RR]) in their meta-analysis. An analysis of 51 reports of 52 randomized, controlled trials revealed that amantadine prevented 61% (95% CI 35 to 76) of influenza A cases and 25% (95% CI 13 to 36) of cases of influenza-like illness. However, amantadine was associated with nausea (OR 2.56; 95% CI 1.37 to 4.79), insomnia and hallucinations (OR 2.54; 95% CI 1.50 to 4.31), and withdrawals (OR 2.54; 95% CI 1.60 to 4.06) due to adverse events. In addition, amantadine had no effect on asymptomatic cases (RR 0.85; 95% CI 0.40 to 1.80). In treatment trials, amantadine significantly shortened the duration of fever compared with placebo (by 0.99 days, 95% CI -1.26 to -0.71), but it did not affect nasal shedding of influenza A viruses (RR 0.93; 95% CI 0.71 to 1.21). There were fewer data for rimantadine, but its effects were comparable with those of amantadine.
For prophylaxis, N inhibitors had no effect compared with placebo against influenza-like illness using standard doses of oseltamivir (75 mg once daily) (RR 1.28; 95% CI 0.45 to 3.66) and zanamivir (10 mg once daily via inhalation) (RR 1.51; 95% CI 0.77 to 2.95), respectively. For symptomatic influenza, the efficacy of oral oseltamivir was 61% (95% CI 15 to 82) at 75 mg once daily and 73% (95% CI 33 to 89) at 150 mg daily. Inhaled zanamivir (10 mg once daily) had an efficacy of 62% (95% CI 15 to 83), but neither N inhibitor was effective against asymptomatic influenza. Oseltamivir was associated with nausea (OR 1.79; 95% CI 1.10 to 2.93), which was greater especially at higher prophylactic doses (OR 2.29; 95% CI 1.34 to 3.92). For postexposure prophylaxis, oseltamivir had a protective efficacy of 58.5% (95% CI 15.6 to 79.6) for households and from 68% (95% CI 34.9 to 84.2) to 89% (95% CI 67 to 97) for contacts of index cases. Compared with placebo, the hazard ratios for time to alleviation of influenza symptoms were 1.33 (95% CI 1.29 to 1.37) for zanamivir and 1.30 (95% CI 1.13 to 1.50) for oseltamivir when the medication was started within 48 h of symptom onset. Both drugs significantly reduced viral nasal titres (weighted mean difference -0.62; 95% CI -0.82 to -0.41). In influenza cases, oseltamivir at 150 mg daily was effective in preventing lower respiratory tract complications (OR 0.32; 95% CI 0.18 to 0.57). No credible data on the effects of oseltamivir on avian influenza could be found (25).
Jefferson et al suggested that the evidence does not support the use of adamantanes for influenza and that N inhibitors should not be used routinely for seasonal influenza, but only with associated public health measures in a pandemic situation. Their findings suggested that amantadine and rimantadine have an effect on the symptoms of influenza A but do not prevent infection and do not affect viral shedding. Because of the potential for serious adverse events and rapid onset of antiviral resistance, they also indicated that the use of amantadine and rimantadine should be discouraged for seasonal and pandemic influenza, especially if used in isolation from other measures. Given the current levels of antiviral resistance to the adamantanes of the H3N2 strains of influenza A presently circulating in North America, these findings are a sobering thought as the medical community engages in pandemic planning for influenza.
In addition, their findings indicated that the N inhibitors reduced influenza symptoms by either preventing their appearance or curtailing their duration. In addition, there was clear evidence of the ability of N inhibitors to interrupt transmission of seasonal influenza in households, but they did not appear to prevent asymptomatic infection and did not interrupt nasal shedding of seasonal influenza viruses. Jefferson et al suggested that the prophylactic use of N inhibitors in a serious epidemic or a pandemic could enhance vulnerability to infection by preventing seroconversion and facilitate the selection of mutant viruses resistant to N inhibitors (25) . This latter point has serious implications for the use of these agents in a pandemic of avian influenza. Other evidence is accumulating that raises cautionary notes about the N inhibitors and their potential efficacy and resistance development. Oseltamivir has been used against three subtypes of avian influenza viruses with proven bird-to-human and human-to-human transmission: H5N1, H7N7 and H7N3. Yuen and Wong (26) reviewed the experience from the avian influenza cases in southeast Asia, which suggested that viral shedding commences before symptoms appear and ceases 48 h after symptom onset. Additional data from H5N1 influenza cases suggest that viral shedding and infectivity of index cases can be protracted and viral load may be up to 10 times greater than in seasonal influenza (8) . In these outbreaks in southeast Asia, the use of oseltamivir did not appear to have any impact on mortality, although other factors, such as late initiation of therapy and high initial viral load, may have been confounding variables. Resistance to oseltamivir was detected in up to 16% of children given the drug (8) and, in a recent report (27) , was detected in two of eight Vietnamese persons aged eight to 35 years (27) . In one of the patients in the latter study (27) , the development of resistance while on therapy with oseltamivir coincided with clinical deterioration and death, as well as the appearance of increasing viral load in the throat during the clinical deterioration. This report (27) also corroborated earlier findings about incomplete viral suppression. Resistant viral isolates have also been detected in up to 18% of children who have received oseltamivir for H1N1 or H3N2 infections (28) (29) (30) . The apparently common feature favouring the selection of resistant viruses appears to be immunological naivety to the infecting viral subtype.
With avian influenza harbouring potentially greater virulence and higher viral load burden than those of seasonal human influenza viruses, the use of N inhibitors in a serious epidemic or pandemic may not hold as much promise as originally thought. Jefferson et al suggest that the inability of N inhibitors to prevent infection and suppress viral nasal excretion raises doubts as to their effectiveness in interrupting viral spread (25) . They also suggest that overestimation of the capacity of antivirals to prevent illness could alter the behaviour of recipients and favour viral spread. Collectively, these recent findings of incomplete viral suppression with high viral burden in avian influenza and rapid resistance development in both human and avian influenza A to antivirals raise serious questions about the stockpiling of antiviral agents and the emphasis on the use of N inhibitors as a major component of the armamentarium for an emerging pandemic. The need for continued study into influenza and its pharmacotherapy cannot be overemphasized.
